Strawberry gray mold disease caused by Botrytis cinerea (Pers.) is one of the most critical diseases attacking strawberry fruits especially at the post-harvest stage. This study compared the effectiveness of two types of Chitosan, bioagent's filtrates and fungicides in controlling the gray mold of strawberry. The commercial and synthesized in vitro Chitosan were tested on radial growth of B.cinerea on PDA agar plates and on infected four fruits cultivars strawberry. The results showed that the two types of Chitosan were significantly decreased infection of B. cinerea especially on un-wounded fruits that have been treated by dipping method. Biological control agents were used as culture filtrates for control strawberry gray mold pathogen both on wounded and unwounded fruits, the disease incidence was inhibited significantly in comparing to control treatment. Chemical fungicides were also used in these trials for controlling the gray mold disease. The results obtained confirm the superiority of fungicides in controlling the disease in comparing the commercial and synthesized Chitosan well as biocontrol agents.
INTRODUCTION
Strawberry (Fragaria x ananassa Duch.) is one of the most important crops of exported vegetables in Egypt with 283471 ton in 2015 season with average 18.291 ton/feddan (Ministry of Agriculture, Economic sector, 2015) . Egypt is considered the third largest producer of strawberry worldwide after the United States and Spain (Wu et al, 2012) . Strawberry plants are attacked by several diseases which cause considerable losses in fruits yield. Strawberry fruits are perishable fruits during postharvest storage where they susceptible to dryness and mechanical injuries in addition to decay and physiological disorders. Gray mold disease caused by Botrytis cinerea is one of the most important diseases where it infected worldwide more than 200 plant species (Williamson et al, 2007) . In strawberry cultivations, the stage of overwintering of Botrytis cinerea could be find as sclerotia or vegetative mycelium in all strawberry wintering parts (Braun and Sutton, 1987 and Sutton, 1998) . B. cinerea could be attack strawberry plants during growth stages of flowering, fruiting and storage periods causing destructive effects (Sesan, 2003; Droby and Lichter, 2004) . Also, B. cinerea is consider the main causal pathogen of strawberry postharvest decay (Maas, 1998) . There are many different fungicides anti-Botrytis thus, the occurrence of fungicidal resistance in the fields is not surprising (Weber, 2011) , for example, and Carbendazim were discarded from use against B. cinerea, the causal agent of gray mold disease, because the resistance for them (Leroux et al, 2002) as well as their high toxicity. On the other side, the use of synthetic chemicals to control fungal diseases is restricted due to their high toxicity, where the most gray mold fungicides are often applied at least 7 days pre harvesting which is considered unacceptable. On the other hand, natural ingredients and resistant inducers which can increasing plant defense could be used in controlling strawberry gray mold disease. In this respect, chitosan and some biocontrol agents are highly effective for this purpose. Chitosan is derived from glucan with chitin repeating units, Chitins is an abundance mucopolysaccharides are found in arthropods such as shrimps, craps and inferior plants such yeasts. It has been reported that chitosan has a fungicidal action against several fungi (Hirrano and Nagao 1989; Kendra et al, 1989) . The inhibitory effect of chitosan was also demonstrated against many of soil born fungi (Stossel and Leuba; El Ghouth et al, 1990) and Rhizopus stolonifer (Yarahamdi et al, 2014) . Also, chitosan was used to control post-harvest diseases of many fruits such as Pear (Yu et al, 2008) and Strawberry (Ge et al, 2010; Bhaskara et al, 2000) . Chitosan is known to be a potential elicitor of many plant defense responses, including the accumulation of chitinases (Mauch et al, 1984) and synthesis of proteinase inhibitors in tomato leaves (Pearce and Ride, 1982) . Chitosan has been approved by the U.S Environmental Protection Agency (EPA) and food additive approved by the U.S Food and Drug Administration (FDA).
This research aimed to throw a light on the antifungal potentialities of two types of chitosan (Commercial and synthetic) in controlling the gray mold disease on fruits of four strawberry cultivars in vitro and in vivo comparing with the antifungal potentialities of some Trichoderma spp. as bio-agents and some fungicides.
MATERIALS AND METHODS

Source of Botrytis cinerea as a causal pathogen of strawberry gray mold disease:
Botrytis cinerea was isolated as a causal pathogen of strawberry gray mold disease from diseased samples of naturally infected strawberry fruits showing gray mold symptoms which collected from three localities of strawberry fields i.e., Shebin El-kom, El-Bagour and El-Shohada which belonging to Minufiya governorate. The infection percentage was estimated as diseased fruits in relation to the total healthy ones. The gray mold pathogen (Botrytis cinerea) isolates infecting strawberry fruits were isolated on Potato Dextrose Agar (PDA) medium. The resultant cultures were purified using the single spore culture or hyphal tip techniques according to Dhingra and Sinclair, (1985) . The growing fungal colonies were transferred to slant tubes of PDA medium and then incubated for 7 days at 24ºC. The pure cultures of Botrytis cinerea isolates were examined microscopically and identified based on their morphological features at Agricultural Botany Department, Faculty of Agriculture, Minufiya University using the methods adopted by Neergard, (1945); Barnett, (1960) and Domsch et al., (1980) in addition to the key of imperfect fungi of Barnett and Hunter, (1972) .
Source of Trichoderma spp. isolates as antagonists:
Trichoderma fungi were isolated from soil and rhizosphere samples of grown strawberry in the previously mentioned fields by uprooting the infected plants with great care to obtain most of the intact root system. The dilution plate method (DPM) was used for isolation of Trichoderma spp. The isolated Trichoderma fungi were cultured onto 20% malt extract agar, incubated for two days at 25°C then, identified according to Rifai, (1969) and Bissett, (1991) . Stock cultures of isolated Trichoderma spp. were maintained on PDA slants then kept in a refrigerator at 5°C and they repeatedly sub-cultured every 4 weeks on fresh PDA slants. Preparation of Trichoderma spp. culture filtrates:
Trichoderma culture filtrates were prepared by inoculating disk of the fungus onto liquid potato dextrose medium in flasks (100/200 ml), then incubated by shaking at 25°C for 3 days then incubated for 7 days. Trichoderma culture filtrates were prepared by eliminating the mycelial mates, then the filtrates were centrifuged at 8000g for 10 min., and filtered through a Hydrophobic filter (type A/E, Gelman Sciences, Ann Arbor, M1) (Harman et al, 1992) .
Source of chitosan:
Two types of chitosan were used in this trail against B. cinerea where the first one is commercial chitosan (Ch.C.) which was purchased from Pharo-Pharma for Pharmaceuticals Address Plot 9, 3rd Industrial Zone, Block 16, Borg El Arab City, Alexandria, Egypt) while, the second one is synthesized Chitosan (Ch.S.) in vitro.
The production process of the synthesized chitosan in vitro involved three steps i.e., demineralization (DM), deproteinization (DP) and deacetylation (DA) as described by Youn et al., (2007) . In this respect, the shrimp shells were demineralized with 1 mol/L HCl for 30 min at ambient temperature with a solid/solvent (HCl) ratio of 1:15 (w/v). Following the DM step, the demineralized shells were collected on a 100-mesh sieve, washed to neutrality in running tap water, rinsed with deionized water, and filtered to remove excess moisture. The DP step was accomplished by treating the demineralized shells with 3 g/100 mL NaOH for 15 min at 15 psi (atmospheric pressure)/121ºC and a solid/solvent (NaOH) ratio of 1:10 (w/v). The residue was then washed, filtered as mentioned above, and dried at 60ºC for 4-hrs in a forced-air oven. The DA step was achieved by treating chitin under conditions of 15 psi/121ºC with 45 g/100 mL NaOH for 30 min and a solid/solvent ratio of 1:10 (w/v). The resulting chitosan was collected, washed as mentioned above and dried at 60 ºC for 4-hrs in a forced-air oven.
Deacetylation degree (D.d):
It was determined for the five chitosan samples by the potentiometric titration method described by Broussignac, reported by Tolaimate et al., (2000) .
Chitosan solution in a known excess of HCl was titrated with 0.1 M NaOH solutions, a curve with two inflexion points was obtained. The degree of deacetylation was determined through equation: % NH2 = 16.1 (V2 -V0) x Mb ∕ W.
Where V0 and V2 are the base volumes (ml) referred to first and second inflexion points respectively, Mb is the base molarity in g/mol, W is the original weight of the polymer in g.
The degree of deacetylation for prepared Chitosan was 85%.
Controlling B. cinerea using chitosan in vitro:
In this trail, the two types of previously mentioned chitosan were used with 3ml of each one.
They were applied at different concentrations i.e., 0.5, 1.0, 2.0 and 2.5%. The used chitosan solutions were dropped onto the surface of poured solid PDA medium in petri dish (9cm), and then the drops were spread well till the complete absorption into media. The plates were inoculated with the inoculum disk (4mm) of the tested fungal pathogen at the center of the dish.
Controlling B. cinerea using chitosan in vivo:
Both types of chitosan were applied by dipping and spraying at different concentrations i.e. 0.5, 1.0, 2.0 and 2.5 % on wounded and un-wounded strawberry fruits. In case of dipping method, the fruits were soaked individually in the targeted concentration for five minutes, then raised and leaved for air drying. Then, the fruits (wounded and unwounded) were inoculated at the surface with an equal disk (4mm) of the pathogen and left in foam plates then covered with stretch film till appearance of gray mold symptoms. The developed symptoms were daily investigated. Controlling B. cinerea using Trichoderma spp. in vitro:
The antagonistic ability of tested three isolates of Trichoderma spp. was assessed against the pathogenic isolate B. cinerea that isolated from strawberry rotted fruits in dual culture according to the method described by Fokkema (1973) . Three days old cultures of Trichoderma harzianum, T. hamatum and T. viride were used as sources of antagonistic inocula. An equal disc of each one of tested Trichoderma isolates (4mmØ) was placed at 20 mm far from the edge of PDA plates (9 cmØ). A disc of pathogen was placed 50 mm away from the biocontrol fungal disc. Cultures were incubated in the dark at 25ºC until the growth of the pathogen covered completely the check plates. The biological control agent inhibits the pathogen growth as a result of producing antagonistic metabolites, which decrease the rate of the pathogen growth.
The growth reduction percentage that pooled out was calculated using the following formula:
% Growth reduction = Control -Tretment × 100 control
Controlling strawberry gray mold infection using Trichoderma spp. in vivo:
Three culture filtrates of tested Trichoderma isolates were assessed against the pathogenic isolate B. cinerea by two methods (dipping and spraying) on wounded and unwounded strawberry fruits. In dipping method, the fruits were soaked individually in each filtrate for five minutes, then raised and left for air drying. The treated fruits (wounded and unwounded) were inoculated on surface with disk of the pathogen inoculum and left in foam plates then covered with stretch film till appearance of gray mold symptoms. The developed symptoms were daily investigated.
Controlling strawberry gray mold using fungicides in vivo:
Three different fungicides i.e., Switch 62.5% WG (Cyprodinil-Fludioxonil), Rovral 50% WP (Iprodione) and Topsin-M70% WP (Thiophanate-methyl) were used at three different concentrations i.e., 100, 150 and 200 ppm based on their active ingredients for controlling the gray infection on wounded and un-wounded strawberry fruits in case of spraying application only. Additionally, using results of the tested fungicidal treatments in in comparison with those of chitosan and Trichoderma treatments.
Disease assessment
Disease parameters were determined on rotted fruits according to the disease index rating which was made to determine the average diameter of the infected areas on fruit surface after seven days of inoculation. The following numerical rates were suggested to facilitate visual determination and to give a satisfactory comparison: 0 = No rot. 1 = Scattered small rot. 2 = Rots coalescing and including about 25-50 % fruit area. 3 = More than 50% of the fruit area was infected.
Readings were converted to disease index according to the equation suggested by (Townsend and Heuberger, 1943) as follows:
Disease Severity % = Where (n) is the number of fruits in each numerical rate; r1, r2 and r з are ratings and (N) is the total number of inoculated fruits multiplied by the maximum numerical rate 3.
Also the percentage of infected fruits was estimated.
Statistical analysis:
The collected data were subjected to statistical analysis using the F-test and means were compared by the LSD at 0.05 levels of probability as described by Snedecor and Cochran (1967) using Costat Software (1985) .
RESULTS AND DISCUSSION
Pathogenicity test:
Data in Table ( 1) showed that the most virulent isolate of B. cinerea from Shebin El-kom district according to the pathogenicity test. This virulent isollate was used to achieve this study. 
Controlling B. cinerea using chitosan in vitro:
In plant disease management, natural products i.e. chitosan were increased in usage as disease control agent. Chitosan as a naturally polysaccharide, having inhibitory activity against many plant pathogenic fungi (Rabea et al., 2003; Xu et al., 2007) . This direct antifungal activity of Chitosan in vitro in other findings confirmed with our studies (Allan and Hadwiger, 1979; Ait Barka et al., 2004) . Furusaki et al., 1996 reported that Chitosan is composed from three forms of reactive functional groups (an amino group, a primary hydroxyl group and secondary hydroxyl group) at the C-2, C-3, and C-6 positions of the glucosamine residue; respectively. A lot of useful materials had been provided in many fields of application as a result of the chemical modifications of these groups. (Kurita, 1986; Sugimoto et al., 1998) . Chitosan is thought to have its antimicrobial effect due to the existence of (Ocarboxymethylated (O-CM)) and its exchange of the hydroxyl group in the C-6 position of Chitosan with the acetyl group, which enhances the protonation of the amine group in the C-2 position in the presence of the new carboxyl ion (Liu et al., 2001) .
Data in Table ( 2) indicate that all tested chitosan concentrations were effective in inhibiting fungal growth of B. cinerea in all experimental trials in petri dishes. In this respect, the commercial chitosan (Ch.C.) was more effective in inhibiting the growth of B. cinerea than the synthesized one (Ch.S.). The highly effective concentration of the two tested types of chitosan in vitro was 2.5% while, the least effective concentration was 0.5% of both tested chitosan types. On the other hand, all tested concentrations of the two chitosan types were effective in inhibiting the growth of B. cinerea compared with control treatment. There was a clear gradually increase in in inhibiting the growth of B. cinerea in vitro for both types of chitosan with increasing the tested concentrations. In this study the treatment with two types of Chitosan showed positive effect against B .cinerea radial growth in petri dishes. Also we showed that the growth reduction level is correlated with the concentration of Chitosan . Du et al., ( 7991 ) mentioned that Chitosan inhibited the growth of the B .cinerea significantly on artificial media . Siti et al., ( 9009 ) reported that after 3-day culture the pathogen colony diameter in P.D.A medium containing 0%, 0.05% and 0.20% Chitosan were 77.4 mm 4..6 mm and 25.6 mm respectively .El Ghaouth et al.,
explained that 0.6%
Chitosan inhibited radial growth of B .cinerea and Rhizopus stolonifer by 95.5% and 71.5%.
Controlling strawberry gray mold infection using chitosan in vivo:
Data in Table ( 3) show that both types of chitosan (Ch.C. and Ch.S.) with different concentrations which applied as dipping treatment decreased disease severity% on wounded and unwounded strawberry fruits which inoculated with B. cinerea when compared with control treatment (fruits treated with pathogenic fungi only). In this respect, increasing the concentration of chitosan decreased gradually the determined disease severity %. However, the tested concentrations of Ch.C. were generally more effective than those of Ch.S. in controlling strawberry gray mold infection. Also, no one of the four-tested strawberry cultivars exhibited clear resistant to gray mold infection more than others with the two types of chitosan at all tested concentrations on wounded and un-wounded fruits. There were no significant differences between the four strawberry cultivars in disease index on the same level of each concentration of Chitosan types. As for the sprayed strawberry fruits with the two types of chitosan, data in Table ( 4) indicate that the sprayed strawberry fruits with Ch.C type of chitosan were more effective in reducing the strawberry gray mold infection at all tested concentrations than those sprayed with Ch.S type of chitosan. The highest effective concentration in reducing the gray mold infection was 2.5% while, the least effective one was 0.5% with either of Ch.C or Ch.S types of chitosan on wounded and un-wounded strawberry fruits. The effect of 2.5% concentration of Ch.C or Ch.S types of chitosan was better on un-wounded fruits than wounded ones where the least DS% was recorded on fruits of cv. Sana followed by fruits of cvs. Festival, Florida and Fertona. In general, application with chitosan on strawberry fruits either by spraying or dipping was effective in decreasing DS% when compared with control of wounded or un-wounded fruits.
According to the bio-compatible and nontoxic properties of Chitosan (Wu et al., 2005) , because of this chitosan occupy the place of fungicides in agriculture fields (Bautista-Baños et al., 2006) . Chitosan activity against B. cinerea have been demonstrated in other findings (Ait Barka et al., 2004; Trotel-Aziz et al., 2006 and Aziz et al., 2006) the antifungal effect of chitosan had been verified on grape plantlets downy mildew , Romanazzi et al., 2002 Romanazzi et al., , 2006 Romanazzi et al., and 2007 have proven the effective of chitosan against botrytis bunch rot on grapes when applied as a postharvest spray or dipping. In our study both types of Chitosan; whether in dipping or spraying application on un-wounded fruits, showed a great activity against gray mold disease caused by B. cineria.
Chitosan has greatly contributed to reducing the progression of the disease and its spread to fruits throughout the storage period, also kept the fruits in a fresh and vibrant form. This leads us to the other characteristics of Chitosan as a strong elicitor instead of an antimicrobial agent, In addition to the effect in plant disease control.
The induced plant defense response is greatly correlated with the enzymatic response; many findings demonstrate that Chitosan is external elicitors that improving host defense such as in tomato, Chitosan induced the production of phenolic and phytoalexine compounds; this explain is precedes the role of hydrolytic enzymes of Fusarium oxysporium f. sp. radicislycopersici (Benhamou and theriault, 1992) . Other report showed the induced resistance of Chitosan against Fusarium oxysporium in susceptible tomato plants when applied as a seed, root coating or plant spraying, these treatments inhibit Fusarium growth to the external root tissues and can improve some defense reaction including structural barriers (Benhamou et al., 1998) . On the contrary of our results Ben-shalom et al., 2003 reported that, the anti-fungal activity of chitosan was not enough in cucumber plants to inhibit the pathogen of gray mold disease.
In our study, on PDA medium the highly concentrations of Chitosan (2.5%) (Table 1 ) was the only concentration that inhibits fungal growth, while it was strongly inhibitory on fruits at the same concentrations (Table 2) ; because this reason various reactions were activated in strawberry fruits, this effect is likely to be referenced to the Chitosan-induced resistance to fungi strongly results from the stimulation of the plant's natural defense metabolism.
Certainly there were differences between the synthesized in vitro Chitosan (Ch.S.) and the commercial Chitosan (Ch.C.) formulation, this could be arises because the preparation techniques. Indeed, dissolving the Chitosan in the acids, it is necessary to prepare the solutions more than one day in advance and to monitor and adjust the pH; in contrast, the commercial one can be prepared before the application by 1-2 h, by dissolving the powder in water directly. Moreover, the final commercial Chitosan solution with formulation has a lower viscosity than the Chitosan acetate, for this reason the application with commercial chitosan more easily. Table 4 . Effect of chitosan as spraying application on gray mold infection caused by B. cinerea on wounded  and un-wounded strawberry fruits of Table ( 5) indicate that T. harzianum isolate was the most effective one in reducing the growth of B. cinerea comparing with T. hamatum and T. viride. On the other and, the highest growth reduction% was recorded with T. harzianum with clear inhibition zone with appearance of over growthing on growth of B. cinerea followed by T. hamatum which exhibited wide inhibition zone comparing with T. viride. T. harzianum isolate was the only one exhibiting over growthing on growth of B. cinerea without appearance of inhibition zone. Zimand et al., 1996 showed that the isolate T. harzianum T39 reduced the B.cinerea biomass by 20 to 50%, this reduction was due mainly to the effect on germtubes elongation and the germination rate was partially affected. The effect of the rate of T. harzianum T-39 on control efficacy varies with the host and disease system. In earlier studies the lower rate was superior for control B.cinerea the causal of tomato grey mould, similar to the findings in this study, but was inferior in controlling cucumber white and grey mould in commercial greenhouses (Elad, 2000) .
Controlling strawberry gray mold infection using
Trichoderma spp. in vivo: Data in Table ( 6) show that dipping or spraying the wounded and un-wounded strawberry fruits in or with three sterilized culture filtrates of three Trichoderma isolates pre-inoculation with B. cinerea in vivo affected greatly the gray mold infection on the four-tested strawberry cvs. where the recorded DS% were lesser than those recorded with control treatment. In this respect, dipping treatment was more effective in reducing gray mold infection than spraying treatment with the four-tested strawberry cvs. with superiority of them on un-wounded fruits than wounded ones. On the other hand, T. harzianum treatment was the most effective one followed by T. hamatum and T. viride respectively whether in case of dipping or spraying treatments with the four-tested strawberry cvs. Furthermore, the least DS% was recorded on treated strawberry fruits cv. Florida by dipping on unwounded and wounded fruits respectively. Whereas, the highest DS% was recorded in case of sprayed fruits of cv. Fertona with culture filtrates of T. viride.
In addition, the culture filtrate of the antagonistic fungus, T. harzianum was found to be more efficiency than the other culture filtrates in decreasing the growth of B.cinerea, but with less level than Chitosan. Similar results were observed where T.harzianum decreased the growth of Fusarium oxysporium, Verticillium albo-atrum and Fusarium culmorum (Ibrahim, 1997 and Hemeida, 1992) . Abdulrahman (2005) reported that the bioagent culture filtrate of T.harzianum effected on radial growth of B.cinerea, Fusarium oxysporium and Rhizoctonia solani, but this effect was less than the action of some plant extracts. (7) show that the three tested fungicides with different concentrations as spraying treatment decreased clearly the determined DS% on wounded and unwounded strawberry fruits infected with B. cinerea comparing to control (inoculated fruits with B. cinerea only). Also, results indicate that increasing the concentration of each one of the tested fungicides decreased gray mold infection on treated fruits. The best concentration for use was 200 µg/L where the recorded DS% of Switch and Topsin-M fungicides was 0.0% on all wounded fruits of the four-tested strawberry cvs. As for un-wounded fruits, Switch at 150 and 200 µg/L was the best one where the recorded DS% was 0.0% on all treated fruits of the four-tested strawberry cvs. Meanwhile, Topsin-M and Rovral fungicides at 200 µg/L only came in the second rank where the recorded DS% was 0.0% on all un-wounded treated fruits of the four-tested strawberry cvs.
Generally, spraying strawberry fruits with fungicides pre-inoculation with B. cinerea was more effective in controlling the gray mold infection on unwounded fruits than wounded ones. There were slight differences between the four strawberry cultivars in the determined DS% at the same level of each concentration (using of fungicides in these study to find alternative control treatment instead of toxicity effects of chemicals). In this study, we tried to shed light on the alternatives to fungicides, as long as they give very close results in resistance to many plant diseases. The efforts to find naturally-occurring products having antimicrobial and activities in controlling pathogens actions in hosts like chitosan and its derivative has been getting more attention in these studies. We can outline, that the chitosan can be used on plant hosts to reduce or control disease levels and stopping the development of the pathogen action and minimizing the yield losses in quality and quantity. However, chitosan needs to understand the mechanism and action of disease resistance inducer.
